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ABSTRACT
There are many established measures of chronic periodontitis but with many
limitations. The problem with these established measures is that they assess past
disease rather than the present pathology of periodontal tissues. To overcome these
limitations, scientists conceived the idea of a novel system to assess chronic
periodontitis accurately and predictably. A novel system is sought that will
favorably compare with established measures, while overcoming their limitations,
and also providing high validity, sensitivity, specificity, reliability, and
reproducibility. To investigate how a potential candidate for this system works, a
series of studies were conducted in Nigeria and Helsinki. The goal was to assess
how well a novel point-of-care test (aMMP-8 chairside test) measures up to these
desirable objectives. The series of studies were conducted to investigate the validity
in terms of sensitivity and specificity for chronic periodontitis.
To achieve our objectives, in study (I), we assessed chronic periodontitis using a
novel aMMP-8 test -neutrophil collagenase-2 lateral flow immunoassay. This test
qualitatively detects the presence of matrix metalloproteinase-8. Its correlation with
established measures of CP, like bleeding on probing (BOP) and probing pocket
depth (PPD), was then assessed. The neutrophil collagenase-2 immunoassay was
96% sensitive for poor oral hygiene, 95% sensitive for chronic periodontitis, and
83% sensitive for BOP. In all instances, chronic periodontitis was regarded as two
sites with PPD or BOP. The reproducibility of the novel aMMP-8 chairside test was
investigated in study (II), where oral health and periodontal assessment was
performed on adolescents at the Kotka Health Center in Finland. The sensitivity of
the aMMP-8 test for at least 2 sites with PPD ≥ 4 mm was 63.5% and specificity
100%, and for more than 2 sites the sensitivity was 76.5 % and specificity 96.7%.
Thus, the test is effective in recognizing oral inflammatory burden in adults and
adolescents with early signs of periodontitis.
Bacterial biofilm has been established as the primary etiological agent for chronic
periodontitis. Similarly, the oral manifestations of systemic diseases and conditions
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that predispose to chronic periodontitis are well-reported in the literature. The
impact of chronic periodontitis on systemic health, however, has been under-
reported until a few decades ago. Thus, the validity, sensitivity, specificity,
reliability and reproducibility of the aMMP-8 chairside test were first established.
After this, its applicability was assessed in the primary health care setting, as it
applies to dentistry as well as general health. The role of chronic periodontitis (CP)
on fertility-related events was of a particular interest in this investigation.
In study III, the levels of MMP-8 were assessed in pregnant women and a
widespread (87.3%) elevation of active matrixmetalloproteinase-8 was evident
among the black pregnant Nigerians. Independent of demographics, educational
level, and trimester, positive test results were more abundant among the study
subjects than what could be anticipated from previous studies performed on
proteolytic enzymes in saliva.
Finally, the link between chronic periodontitis and time to conception (TTC) was
investigated in study IV using the aMMP-8 test. Through a cross-sectional hospital
survey involving 58 fertility clinic attendees and 70 pregnant controls, the odds of
increased conception were higher with the aMMP-8-test-assessed periodontitis risk
(OR 0.157, 95% CI 0.041-0.600, P < 0.01).
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1. INTRODUCTION
Dental biofilm is a complex association of micro-colonies of bacteria existing in
slime complexes with special characteristics. It remains the primary etiologic agent
for chronic gingival and periodontal inflammation, however, it does not fully
explain the prevalence and severity of chronic periodontitis. The literature has
established a causal relationship between dental biofilm and chronic gingivitis but
not with chronic periodontitis (Loe 1965; Niederman, 2013). Therefore, while the
quantity of plaque correlates with the severity of chronic gingivitis, the quality of
plaque tells a more detailed story of chronic periodontitis (Genco, 1996;
Hajishengallis et al. 2011; Hajishengallis et al. 2012).
Chronic inflammatory periodontal diseases consist of gingivitis and periodontitis,
which are the clinical results of a sub-cellular chain of events which begin as non-
specific inflammation (Theilade, 1986). This chain of events is no different from
acute inflammation anywhere else in the body. The initially gram-positive 85%
aerobic environment of the mouth slowly changes from a 25-45% anerobic state in
chronic gingivitis to a 75% anerobic environment in chronic periodontitis (Slots,
1979).
There is a gradual paradigm shift in periodontics with dwindling emphasis on the
identity and characterization of periodontopathic organisms. Emphasis is now on
evidence-based concepts of genetically-determined inflammatory processes, rather
than the old-school, erroneous view of chronic periodontitis as a mere infection.
Current evidence, however, suggests that it is in fact predominantly inflammatory
(Pihlstrom and Tabak, 2005). The desire to understand these inflammatory
mediators has opened new frontiers in periodontal research.
What we see clinically as the periodontal pocket represents the end product of a
series of events that culminate in the apical migration of the junctional epithelium.
As bacterial lipopolysaccharide attaches to the tissues, it stimulates interleukin-8
expression that initiate these events. Interleukin releases signals that initiate
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neutrophil chemotaxis, representing the stage of acute inflammation-- the body’s
first attempt at containing the microbial assault. If this succeeds, visible
inflammation does not develop. If this fails, however, the tissues mobilize other
cells like monocytes, lymphocytes, and plasma cells. The release of pro-
inflammatory mediators follows—this is the stage of chronic inflammation (Cekici
et al.2014).
Eventually, there is a release of pro-inflammatory mediators including cytokines
and complement. The cytokines released include the interleukins (Il-1, 2, 6, 8),
tumor necrosis factor (TNF)–α, and several enzymes (Cekici et. al. 2014), such as
metalloproteinases, trypsinase, elastase, and neuraminidase. With this advancement
of pro-inflammatory agents, the body acts to protect itself from a potential
bacteremia. This protection is rendered by apical migration of the junctional
epithelium interpreted as periodontal pocket formation.
The periodontal pockets thus formed are a rich reservoir of pro-inflammatory
mediators and chronic endotoxemia which have the capacity to exert influences on
distant body tissues and organs. This has led to the view that the periodontal pocket
acts like an endocrine source of continual chronic endotoxemia with far-reaching
effects (Hajishengallis, 2015).
The ever-increasing evidence of periodontitis-systemic interactions are of great
interest, particularly the early work of Offenbacher and colleagues (Offenbacher et
al. 1996). Their work has stimulated research to better understand these complex
interactions and fuelled the departure from the overly simplistic view of chronic
periodontitis as a mere infection. Their work has also provoked a flurry of research
activity to further explore and explain other potential associations with conflicting
reports in the literature.
This conflict is natural with any new scientific claim. To explain away the
observations, scientists resort to using statistical jargon like ‘differences in study
settings’ and ‘inadequate elimination of confounders’. However, it is possible that
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all these conflicts may actually be due to our limited understanding of the mediators
of chronic inflammation.
Over-simplistic attempts at explaining the associations between periodontology and
general health may be the real reason for the medical community’s delay in
accepting these novel associations. Despite the controversies, the desire remains—
to characterize and better understand the inflammatory mediators behind chronic
periodontitis. It has been suggested that the inflamed periodontal pocket serves as
an endocrine source of pro-inflammatory agents thus explaining some of the
systemic association (Hajishengallis, 2015).
On a positive note, it is now possible to measure levels of inflammatory agents in a
non- invasive manner due to recent advances in saliva diagnostics (Kinane et al.
2017). Of particular interest and relevance to periodontics, however, are the
cytokines and metalloproteinases. Among the cytokines, Tumor necrosis factor -
alpha (TNF-α), Interleukinn-1 beta (IL-1 β), Interleukin- 6, and Interleukin -8 are
worthy of note.
The metalloproteinases have increased in prominence due to increasing evidence of
their role in the etiopathogenesis of chronic periodontitis. Of the 28 known human
metalloproteinases, just a couple are of direct relevance and interest to periodontics.
Of these, the most abundant and probably most important is the matrix
metalloproteinase-8 (MMP-8). MMP-8 is the most abundant matrix
metalloproteinase produced by gingival and periodontal tissues (Sorsa et al. 2006).
In its active form, it plays an important role in the pathogenesis of chronic
periodontitis with MMPs 9 and 13. Levels of active MMP-8 (aMMP-8) correlate
with the severity of chronic periodontitis (Sorsa et al. 2004, Sorsa et al. 2006,
Akbari et al. 2015). Interest in aMMP-8 is growing given increasing concerns that
chronic periodontitis may impact an increasing number of general health
parameters.
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For any test to be useful to periodontologists, it must possess a high level of
specificity and sensitivity. Since a-MMP-8 is the most abundant MMP in
saliva/gingival crevicular fluid, it is prudent to measure its salivary level in a fast,
non-invasive manner using saliva. The MMP-8 chairside test makes it possible to
accurately detect periodontal inflammation among pregnant women, men
undergoing seminal fluid analysis, stroke patients, renal patients, and others.
The ‘traditionalist’ may find periodontal diagnosis without using established
parameters somewhat unsettling. Thus, the study has provided some evidence to
support traditional views. As such, the established measures were compared to
novel measurement systems. Interestingly, the results showed a strong correlation
between the novel qualitative salivary assessment of aMMP-8 and established
periodontal diagnostic criteria.
With the validity of the novel test established, the focus of this study was infertility
and the racial predisposition of black women to preterm birth. Preliminary work in
Nigeria and Helsinki shows early evidence of a relationship between some
reproductive health issues with CP using established diagnostic indices like
bleeding on probing and pocket depth against a simple point-of-care test that does
not require the expertise of an oral healthcare professional.
14
2. REVIEW OF THE LITERATURE
2.1 Periodontal health, general considerations
The normal periodontium consists of 4 major components: the gingiva, periodontal
ligament, cementum, and alveolar bone. In light of emerging evidence of the two-
way relationship between periodontal and general health, periodontal health should
no longer be the sole concern of the periodontist. Kavoussi and co-workers have
linked chronic periodontitis with endometriosis with a suggested principle of
generalized immune deregulation (Kavoussi et al. 2009) and myocardial infarction
(Rydén et al. 2016). Despite the recent controversies surrounding this association,
the report found that ‘the risk of a first MI was increased in patients with PD even
after adjustment for confounding factors’ (Rydén et al. 2016). CP is the sixth
complication of poorly-controlled diabetes mellitus. The association between CP
and diabetes mellitus relates to the prolonged release of reactive oxygen species and
altered inflammatory/immune response to plaque (Patil et al. 2016). The emerging
phenomenon, yet unknown to most endocrinologists, however, is the fact that
chronic periodontitis worsens glycemic control, while periodontal therapy improves
it (Li et al. 2015). Other systemic conditions linked with CP include renal
insufficiency, (Grubbs et al. 2015), Alzheimer’s disease (Uppoor et al. 2013), and
respiratory tract infections (Pedersen et al. 2016).
The association between chronic periodontitis reproductive health is of particular
interest to this study. Oğuz and co-workers reported a significant high association
between erectile dysfunction (ED) and chronic periodontitis (Oğuz et al. 2013), and
the link is vasculogenic (Sharma et al. 2011). Chronic periodontitis also affects
sperm motility (Klinger et al. 2011), sperm count (Nwhator et al. 2014), conception
(Hart et al. 2012; Nwhator et al. 2015), and preterm birth (Jeffcoat et al. 2001;
Offenbacher et al. 1996; Usin et al. 2016).
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2.2 The healthy periodontium – traditional view and emerging paradigm
The view of periodontal health as the absence of periodontal diseases is erroneous.
Current evidence suggests that periodontal health is a mere absence of visible
inflammation, however this view appears to be changing given the constant
presence of inflammatory cells in so-called clinically ‘healthy’ patients
(Vasconcelos et al. 2016). Inflammatory mediators being present in apparently
healthy gingival and periodontal tissues supports this new thinking (Rahnama et al.
2014). It appears therefore, that a completely healthy periodontium might be non-
existent. This means that healthy periodontal tissues with different levels of
clinically-undetectable periodontal inflammation, is the best scenario possible. This
position agrees with the state of equilibrium existing between bacteria and host
defences on one hand, and between pro-inflammatory and anti-inflammatory
mediators on the other. The literature alludes to this relationship in different ways
such as ‘active dynamic equilibrium’ (Galgut, 1994), ‘dynamic equilibrium’ (Lang
& Tonetti, 2003),’biologic equilibrium’ (Nield-Gehrig & Willmann, 2007),
‘homeostatic equilibrium’ (Newman et al. 2011), and ‘host-bacterial equilibrium’.
2.3 Beyond the red complex organisms
The red complex pathogens (notably P. gingivalis) remain important, but the view
of a mere handful of periopathogens and a series of color-coded complexes is
becoming archaic. P. gingivalis suppresses nitric oxide-dependent intracellular
killing in macrophages through the induction of cAMP-dependent activation of
protein kinase A (Wang et al. 2010). Over 700 periopathogens can now be
identified due to recent advances in molecular-based microbe detection. Of this
number, 200 can be present in a single individual and 50 in a single site. (Aas et al.
2005, Dewhirst et al. 2010, Griffen et al. 2011). Contrary to established teaching in
periodontology, organisms identified by quantitative clonal analysis were mostly
gram-positive, adding to the complexity of the pathogenesis of chronic periodontitis
(Kumar et al. 2005).
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2.4 Novel model of periodontal pathogenesis- polymicrobial synergy and
dysbiosis- ‘PSD’
There has been a metamorphosis of ideas starting from the specific plaque
hypothesis, and later the keystone-pathogen concept (Hajishengallis et al. 2011).
The keystone pathogen emphasis, P. gingivalis, has also come under subtle
criticism. A report has suggested that P. gingivalis has been over-studied because it
is the easiest red complex organism to grow and genetically manipulate. The so-
called ‘keystone-pathogen status’ of the organism might therefore be the result of
extensive preferential study of the organism (Hajishengallis & Lamont, 2012).
From the emerging body of evidence therefore, it has become inevitable to explore
other explanations for the pathogenesis of this complex entity. It wasn’t until the
last few years that proponents of a new model of periodontal pathogenesis
suggested a paradigm shift. They affirm that a synergistic and dysbiotic microbial
community initiates periodontitis thus de-emphasizing the idea of ‘select
periopathogens’ such as the ‘red complex’.
This model called ‘polymicrobial synergy and dysbiosis (PSD)’ originates from
Hajishengallis and Lamont. (Hajishengallis and Lamont 2012). Dysbiosis is ‘the
concept that some diseases are due to a decrease in the number of beneficial
symbionts and an increase in the number of pathogens’ (Nath and Raveendran
2013). This new model is no surprise given that supporting evidence was already
being developed several years earlier. For instance, in support of the proposed
dsysbiosis and synergism, an earlier report had found that Epstein–Barr virus
(EBV) and Human Cytomegalovirus CMV synergistically interact in the
pathogenesis of chronic periodontitis (Kubar et al. 2005). The ability of P.
gingivalis to ‘incite’ other microorganisms against the host garnered its keystone
pathogen status is linked to its ability to induce ‘dysbiotic microbial communities’
(Hajishengallis et al. 2012). The keystone pathogen hypothesis is part of the
metamorphosis towards the PSD model.
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Figure 1
NOVEL MODEL FOR CHRONIC PERIODONTITIS- POLYMICROBIAL
SYNERGY & DYSBIOSIS. Reprinted with permission from Macmillan
Publishers Ltd: [Nature Reviews Immunology] (Hajishengallis G.
Periodontitis: from microbial immune subversion to systemic inflammation.
Nature Reviews Immunology. 2015. 15(1):30-44), copyright (2015).
2.5 Host response; a double-edged sword?
The relationship between pathogenic bacteria and host defence mechanisms is well-
known (vide infra). This relationship and its inherent dynamism form the basis of
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current thinking in periodontal pathogenesis. The natural sequence should
naturally be further consideration of the role of these host defences in the
pathogenesis of periodontal diseases.
Emphasis on the role of bacteria dates to the early 1800s (Darveau, 2010).
Nonetheless, the emphasis placed on this role has changed, as current evidence
points to a more important role being played by host immunity and defence. This
paradigm shift is strongly reflected in a recent study, which suggests that bacteria
are the ‘microbial factor contributing to initiation of the disease and immunological
factor of the host propagating the disease’ (Nath & Raveendran, 2013).
The periodontal environment harbours an ecologically-balanced biofilm, which
when maintained ensures periodontal tissue homeostasis. The process of gradual
dysbiosis disrupts the original, controlled immuno-inflammatory state that
maintains the host–microbe homeostasis in the periodontium (Darveau, 2014). This
appears to be commensalism, but this is debatable because periopathogens elicit an
immune response contrary to the original concepts of commensalism. Williams had
excluded commensals from eliciting an immune response (Williams, 1973), but
more recent work claims that ‘commensals may trigger an immune response. The
immune response thus triggered can damage tissues and contribute to chronic
inflammatory diseases’ (Grainger et al. 2013).
Darveau proposed that maintaining an environment of controlled immuno-
inflammatory state is a pre-requisite for periodontal health (Darveau,2014). Chronic
periodontitis, however, is now regarded as a state of dysbiosis and immune
dysregulation. Metalloproteinase-induced immune-dysregulation also leads to
cancer (Godefroy & Bhardwaj, 2012). The immediate fears arising from the new
model relate not to its complete novelty but rather its inherent complexity. The
model is not completely novel considering the long-established fact that organisms
behave differently in micro-colonies or biofilms. The real fear is that the complexity
and the immune subversion are thought to result from two possible mechanisms: 1)
direct immune subversion by the dysbiotic polymicrobial community itself, and 2)
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host immunoregulatory issues. The latter renders host defences ‘ineffective to
restrain bacterial outgrowth and overt pathogenicity’ (Hajishengallis & Lamont,
2012). The potential synergy between dysbiosis and inflammation forms a
‘pathogenic cycle and a positive feedback loop’ which ensures that the periodontal
pathogenic process becomes self-perpetuating (Hajishengallis, 2015). Matrix
metalloproteinases and their inhibitors play an important role in trying to prevent
this self-perpetuating periodontal tissue homeostasis. This they do through
‘balanced and regulated degradation of extracellular matrix (ECM) protein’ which
depends on metalloproteinases and their tissue inhibitors (Hernández et al. 2012).
2.6 Matrix metalloproteinases (MMPs)
From the current evidence on the role of MMPs, ‘An unbalance in favor [SIC] of
collagenous matrix degradation will result in the loss of periodontal supporting
tissue, the hallmark of chronic periodontitis’ (Reynolds & Meikle, 1997). Matrix
metalloproteinases are a family of structurally related, but genetically distinct, zinc-
dependent proteolytic enzymes. They are capable of destroying virtually all the
components of the extracellular matrix and basement membrane, acting in synergy
to regulate several processes, including inflammatory responses (McQuibban et al.
2002). The number of categorized human MMPS has increased over the years from
23 to about 28. The classes (based on their structure and susceptible substrates) are
collagenases (MMP-1, -8, -13), membrane-type MMPs (MT-MMPs, MMP-14, -15,
-16, -17, -24, -25) gelatinases (MMP-9, -2) and other MMPs (Folgueras et al. 2004).
2.61 Matrix metalloproteinase-8 and chronic periodontitis
Only a few of the 28 known human metalloproteinases are relevant to chronic
periodontitis as currently understood. Of these, the most abundant and perhaps most
important to periodontics is the matrix metalloproteinase- 8 (MMP-8). It is the most
abundant MMP produced by gingival and periodontal tissues. MMP-8 exists in
three forms: a latent form, an inactive pro-enzyme/zymogene form, and an active
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form after cleavage of a C-terminal peptide. The active form plays an important role
in the pathogenesis of chronic periodontitis alongside MMPs 9 and 13.
Researchers established the scientific basis for the use of MMP-8 in monitoring
periodontal health more than a decade ago. Some researchers have affirmed that
‘MMPs, especially collagenase-2 (MMP-8), are key mediators of irreversible tissue
destruction associated with periodontitis and peri-implantitis. MMP8 exists in
elevated amounts in its active form in the gingival crevicular fluid (GCF) and peri-
implant sulcular fluid (PISF)’ (Sorsa et al. 1999). In a later work, the authors stated
authoritatively that based on available evidence, ‘the role of collagenase, namely
MMP-8, in periodontitis and peri-implantitis is the best-known example of the
unwanted tissue destruction related to increased presence and activity of MMPs at
the site of disease’ (Sorsa et al. 2004).
The fact that active MMP-8 levels correlate with the severity of chronic
periodontitis and is effective for its early diagnosis further corroborates the special
role of MMP-8 (Akbari et al. 2015, Heikkinen et al. 2010, Heikkinen et al. 2016b).
As stated in a study ‘when periodontal disease MMP synthesis and secretion is
dysregulated, the balance of MMPs and TIMPs is altered, and the levels of
neutrophil MMPs such as MMP-8 and MMP-9 are elevated’ (Uitto et al. 1990).
The reason for this is immune-dysregulation ‘likely due to greatly increased
numbers of neutrophils emigrating into the periodontitis lesion and the GCF as the
result of the inflammatory process’ (Uitto et al. 1990). It is therefore undisputed that
MMP-8 remains the most important matrix metalloproteinase detectable in gingival
crevicular fluid for periodontopathic processes (Birkedal-Hansen, 1998; Sorsa et al.
2006).
2.7 Chronic periodontitis and reproductive health
The plausibility of the idea that periodontal health could have an impact on
systemic health is not far-fetched. The fact that ‘the periodontium is chronically
exposed to a dysbiotic microbial community easily explains this’ (Hajishengallis,
2015). The author further opined that ‘periodontal bacteria can subvert host-
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signaling pathways to instigate chronic inflammation in extra oral sites’
(Hajishengallis, 2015). It is thus no surprise that chronic periodontitis is linked with
erectile dysfunction (Oguz et al. 2013), preterm birth (Offenbacher et al. 1996), and
endometriosis (Kavoussi et al. 2009), but the mechanisms remain unclear.
2.71 Chronic periodontitis and libido
The mechanism behind the proposed association between chronic periodontitis and
reduced libido is unclear because testosterone may have an inhibitory effect on
gingival inflammation (Daltaban et al. 2006). Possible mechanisms yet unexplored
might, however, include the arginine link. Achieving and maintaining penile
erection requires arginine—a direct nitrous oxide precursor. There is an association
between arginine and increased libido in both males and females (English, 2011;
Thompson, 2003). P. gingivalis enhances arginase activity and possesses an
arginine-specific protease (Holden et al. 2014; Lourbakos et al. 2001). Arginase
short-circuits a biochemical pathway that is critical to male sexual arousal (Kim et
al. 2001). The fact that periodontal therapy reduces salivary arginase activity of
patients with chronic periodontitis further corroborates this proposed mechanism
(Gheren et al. 2008).
2.72 Chronic periodontitis and sperm count
In an Israeli pilot survey, Klinger and co-workers reported a positive association
between chronic periodontitis and sperm sub-motility. They found ‘no significant
association between periodontitis/gingivitis and infertility based on the observed
sperm counts’ (Klinger et al. 2011). Camejo and colleagues, however, found an
association between raised interleukin-6 levels and lipid peroxidation (Camejo et al.
2001). Lipid peroxidation and decreasing total antioxidant capacity are linked with
low sperm count (Colagar et al. 2013).
2.73 Chronic periodontitis, conception, pregnancy, and its outcomes
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There is a paucity of data on the link between chronic periodontitis and conception
(getting pregnant) but chronic periodontitis is linked with known causes of
infertility such as endometriosis (Kavoussi et al. 2009) and pelvic inflammatory
disease (McKinnon et al. 2013). The possibility that chronic periodontitis could
affect time to conception was first suggested by Hart and co-workers (Hart et al.
2012). Post conception, current evidence supports a link between chronic
periodontitis and pregnancy outcomes. Two plausible mechanisms explain the link
between chronic periodontitis and unfavourable pregnancy outcome.
Periopathogens may cross the placenta into the foetal circulation and amniotic fluid,
or through the release of acute-phase response. Locally-produced periodontal
inflammatory mediators gaining access into the systemic circulation induce this
response (Hajishengallis, 2015).
F. nucleatum is an organism of interest in this process, despite being described as ‘a
potential accessory pathogen that facilitates the colonization of periodontitis-
associated bacteria’ (Hajishengallis, 2015). F. nucleatum translates into an ‘overt
pathogen’ if it translocates to extraoral sites (Socransky & Haffajee, 2005).
Isolation of F. nucleatum clones from the subgingival biofilm of a still-born infant
whose mother had pregnancy-associated gingivitis suggests a hematogenous spread
(Han et al. 2010). F. nucleatum crossed the endothelium and colonizes the fetal–
placental compartment using the E-cadherin-binding FadA adhesin in experimental
models. (Liu et al. 2007). The observed effects are a result of TLR4-dependent
necroinflammatory responses (Liu et al. 2007). Another organism, P. gingivalis,
induces cardiolipin-specific antibody production which causes foetal loss. (Han, et
al. 2014; Schenkein et al. 2013).
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2.8 Racial differences in inflammatory response and matrix metalloproteinases
Africans possess higher baseline levels of inflammatory markers in a study
conducted by Fergusson and co-workers. Paradoxically, they reported lower levels
of evoked inflammation in response to endotoxin in persons of African ancestry
than those of European ancestry. They concluded that ‘levels of inflammatory
biomarkers measured in epidemiological settings might not predict the degree of
acute stress-response or risk of diseases characterized by activation of innate
immunity’ (Ferguson et al. 2013). Their observation may be due to ‘chronic
conditioning or priming of innate immunity’ in persons of African ancestry
‘resulting in an attenuated responsiveness during inflammation’ (Morris & Li,
2012).
Interpreting the results warrants caution as even the authors suggested that the
differences might apply to acute inflammatory disorders rather than real-life chronic
endotoxemia which applies to chronic periodontitis. The need for caution is
predominantly based on their observation that ‘baseline levels of inflammatory
biomarkers may reflect an on-going low-grade inflammation’ (Ferguson et al.
2013).
Another important aspect of racial difference is in the prevalence of pre-term birth.
Anum and co-workers (2009) observed that ‘genes, particularly the pro-
inflammatory cytokine genes and their receptors, are linked to matrix metabolism
since these cytokines increase expression of matrix degrading metalloproteinases’.
They however concluded that ‘the role that genetic variants that are different
between populations play in preterm birth cannot yet be quantified’ (Anum et al.
2009).
Greater oxidative stress and inflammation, both in vivo and in vitro, are more
prevalent among Africans than Caucasians (Feairheller et al. 2011). Significantly
higher nitrous oxide expression is evident in African American human umbilical
vein endothelial cells (HUVECs) than Caucasian HUVECs. Heightened expression
exists in primary cultures from African Americans just as it does in vivo.
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(Feairheller et al. 2011) Another study published in Ethnicity and Disease reported
higher levels of inflammation among blacks than whites based on IL-6 levels, but
failed to demonstrate differences in TNF-α, C-reactive protein, and Interleukin -10
(Paalani et al. 2011). IL-6 is a potent stimulator of MMPs from mononuclear cells
(Li et al. 2015) and MMP activity increases in the pre-partum period. (Athayde et
al. 1998) This is not surprising since it is well-known that ‘fetal [SIC] membranes
are composed primarily of collagen and matrix metalloproteinases are enzymes
capable of degrading extracellular matrix macromolecules, including collagens’
(Athayde et al. 1998).
2.9 Future of metalloproteinase inhibitors and reproductive health parameters.
Links have been reported between increased levels of tissue inhibitor of
metalloproteinase-1 (TIMP-1) and successful conception after in vitro fertilization.
(Shibahara et al. 2005). The over-expression of matrilysin, a member of the
stromelysin subfamily of MMPs, leads to premature mammary gland differentiation
and male infertility (Rudolph-Owen et al. 1998). Scholars already know that ‘an
early event in premature labour [SIC] and premature rupture of membranes is the
activation of the metalloproteinases’ (Speroff & Fritz, 2005). The authors hope that
scholars will replicate these studies in relation to chronic periodontitis and
metalloproteinase-8 across racial lines. This could help to further understand the
links between chronic periodontitis and preterm birth vis-à-vis MMP-8 levels.
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3. AIMS OF THE STUDY
The Sorsa group has reported on their novel chair-side point-of-care tool for the
rapid assessment of MMP-8 levels in saliva. Since this invention, there have been
studies to validate the reproducibility of their findings in other climes. The
simplicity of the method makes it a useful tool in the assessment of chronic
periodontitis in association with various systemic entities. How chronic
periodontitis affects selected reproductive health parameters is the focus of this
study. The application of the Sorsa group’s novel tool requires comparison with
established, well-known indices to confirm sensitivity and specificity. This was the
basis of an earlier study with promising results. Having established an excellent
correlation with existing tools, it is proposed that the application of the chair-side
point-of-care tool to a varied population of subjects will help to quickly assess the
effects of chronic periodontitis on selected reproductive health parameters.
The specific aims of the study were;
1. To assess the validity of a rapid aMMP-8 chairside test in the detection and
prediction of CP among Africans and Caucasians.
2. To assess the sensitivity and specificity of a rapid aMMP-8 chairside test in the
detection and prediction of CP among Africans and Caucasians.
3. To investigate how chronic periodontitis measured by a rapid aMMP-8
chairside test affects time to conception.
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4. SUBJECTS, MATERIAL ANDMETHODS
4.1. Participants, Inclusion Criteria, Examinations, and Measurements
Study I
This study was part of a bigger study investigating the link between CP and
subfertility. It was conducted as a multicentre study in two urban teaching hospitals
in Lagos and Ibadan-Nigeria. The participants were all patients for whom a seminal
fluid analysis had been ordered for various reasons. A total of 86 males requiring
seminal fluid analysis were serially recruited. Of this number, 76 were included in
the study because a few subjects had incomplete data. Inclusion criteria included
being male, since the study related to sperm count, and being a non-smoker.
However, all but five of the participants were non-smokers.
A basic intra-oral dental and periodontal examination was conducted on each
patient under natural light. The Community Periodontal Index of Treatment Needs
(CPITN) probe was used for periodontal examination status and treatment need
codes assigned following the recognized CPITN scores. Oral hygiene status was
assigned to each participant through summing up of debris and calculus index
scores. Oral hygiene status was assigned to each participant as either ‘good’, ‘fair’,
or ‘poor’ oral hygiene categories based on the Simplified Oral Hygiene Index Score
of Greene & Vermillion (1960), (OHIS). Bleeding on gentle probing (BOP) was
assessed with the ball-ended tip of the CPITN probe. Periodontitis was also
assessed using the established pocket probing as well as the novel lateral flow of




This was a cross-sectional study which was carried out at the Kotka Health Center,
Finland. Of the participants, 15- to 17-year-old male and female adolescents,
altogether 47 participated in this study. All were volunteers and gave permission to
participate in this study. Five were smokers, two positive and three negative
aMMP-8 tests were recorded. Smoking did not interfere with the test significantly.
All participants (adolescents) had their full-mouth checked with detailed intra-oral
examination. Full-mouth clinical parameters of oral health were assessed for all the
participants, including the state of the oral mucosa, dental caries, and periodontal
health status for 4 sites. The study also involved the use of the novel aMMP-8
chairside mouthrinse test was performed on 47 enrolled individuals before full-
mouth examination. The measured results of the novel aMMP-8 chairside
mouthrinse test were based on a colour change within 5 minutes.
Study III
The study was a cross-sectional survey among attendees of the antenatal clinic of
the University of Abuja Teaching Hospital in Abuja, Nigeria. The participants were
pregnant women with a mean age of 30.6 years (SD 4.5) recruited through a
purposive, non-random sampling technique; they were sequentially recruited after
giving informed consent.
Inclusion criteria included being a black pregnant woman, being systemically
healthy and being a non-smoker except for one participant. Clinical examinations
and measurements were performed by two dental therapists calibrated to recognize
the colour change under the supervision of a single consultant periodontologist who
also performed all oral/periodontal examinations. The percentage agreement among
examiners was found to be 100 percent due to the clarity of the blue colour change.
A 30-second rinse with distilled water was quickly followed by the collection of
saliva expectorated into a small sterile dish of which 3 ml was drawn up. Three to
four drops of the saliva were placed in the immunoassay dish following which the
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results were read-off as a colour change within 5 minutes, but not beyond 10
minutes from starting time. One blue line was taken to indicate a negative test while
two blue lines indicated a positive test. This is shown in the original study (III,
Figure 1)
Study IV
This was a cross-sectional study involving a non-random serial recruitment of
women aged 23 to 48 years with a mean age of 33.9 years (SD 5.04). Altogether 70
pregnant women were recruited with a mean age of 32.8 years (SD 4.81), and 58
women with a mean age of 35.3 years (SD 5.00). The 58 women were not yet
pregnant but were attending the fertility clinic whilst attempting to get pregnant.
The inclusion criteria were being pregnant or attempting to get pregnant with a
history of regular sexual intercourse and being clinically healthy. Patients on
fertility medications and those who got pregnant through fertility medications were
included as fertility clinic attendees. Fertility was based on gravidity rather than
parity so that a woman who suffered an abortion was considered fertile despite not
having a baby.
Full mouth and periodontal examination was performed using natural illumination
and all parameters including oral hygiene index score (OHIS), and community
periodontal index (CPI) were recorded. Periodontitis risk score as assessed by the
novel chairside active matrix metalloproteinase-8 (aMMP-8) (neutrophil
collagenase-2) was also recorded. Based on the depth of colour change of the
chairside aMMP-8 test, the participants were categorized into a negative result
which meant no risk, and two blue lines for a positive result meaning increased risk.
Oral hygiene was also categorized good, fair, or poor, based on the simplified Oral
Hygiene Index Score (OHIS) of Greene and Vermillion (1960), [‘Good’ (0-1.2),
‘Fair’ (1.3-3.0), and ‘Poor’ (3.1-6.0)].
In summary therefore, the study participants included men (study I), women
(studies III, IV), and adolescents (study II). The participants had to be systemically
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healthy to be included. All women who participated in the study had to be pregnant
or attempting to get pregnant. Women on fertility medications and those who got
pregnant through fertility medications were included under the category of fertility
clinic attendees. Fertility was based on gravidity rather than parity, therefore a
woman who suffered an abortion was considered fertile despite not having a baby.
Based on these criteria, 58 fertility clinic attendees and 70 pregnant controls were
included in the studies involving women. Women not trying to get pregnant or with
a history of not having regular sexual intercourse were excluded from the study.
Inclusion criteria for the male participants was being a male requiring seminal fluid
analysis and being the spouse of a woman undergoing investigation for infertility.
All participants had to be systemically healthy to be included in the studies.
Smokers were excluded from the study except a single woman who was found to be
a smoker.
4.2 Clinical examinations
Periodontal examination was performed under natural light. The composite score
consisting of a calculus index score and a debris index score were summed up to
arrive at individual oral hygiene index scores (OHIS). Participants were classified
into ‘good’, ‘fair’, and, ‘poor’ oral hygiene categories using recommended cut off
OHIS expressed as good (0 to 1.2), fair (1.3 to 3.0), and poor (3.1 to 6.0)(Green &
Vermillion, 1960). Periodontal evaluation was based on both the novel aMMP-8
test and established periodontal scores of bleeding on gentle probing (BOP). BOP
was assessed with the ball-ended tip of the CPITN probe. CPITN code 3 formed the
basis of periodontal pocket assessment.
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4.3 Immunoassay procedure
The immunoassay test was performed following the manufacturer’s instructions.
The procedure commenced with a 30-second pre-rinse with tap water which was
followed by a 30-second wait and a subsequent 30-second rinse with the test liquid.
Patients were then instructed to pour the resultant mouthrinse into a collection cup
accompanying the test kit. Following this, 3ml of the rinse was drawn up into a
syringe and a filter was placed through which a maximum of four drops was placed
in a lateral-flow immunoassay system. The result was read as a colour change
within 5 minutes with the immunoassay system showing a single blue line for a
negative result which meant no risk and two blue lines for a positive result meaning
increased risk (Figure 2).
Figure 2: Two blue lines shown indicate a positive result meaning increased
periodontitis risk.
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4.4 Case definitions for periodontitis
A participant was diagnosed with periodontitis when they had either two sites with
periodontal pockets or one site with a periodontal pocket. The values for single site
or at least two sites with periodontal pockets were tabulated against immunoassay
results. A similar procedure and comparison was repeated with participants with
single site BOP or at least two sites with BOP. For adolescents, full-mouth clinical
parameters (visible plaque index [VPI], bleeding on probing index [BOP] (sites for
cut point 20% were positive), with probing depth [PD] 4 mm, were evaluated. Those
with more than one PD 4 mm were assessed positive (Heikkinen, 2011). The
chairside test could detect initial periodontitis among young patients with a
predisposing genetic background (Heikkinen et al. 2016b) . Since CPI does not
have 1mm graduations nor does it measure recession, clinical attachment, loss, and
periodontal status were not assessed.
4.5 Statistical analyses
SPSS (PASW statistics, IBM) was used for all study analyses and for all studies .In
study I, Data were analysed using statistical software (SPSS). Sensitivity was
expressed as the proportion of positive cases detected among the total number of
cases. Specificity was not assessed because of the claims that the marker could
detect even cases that were not overt/ obvious. Because there were 2 x 2 tables,
Fisher exact statistic was used to estimate significance at 95% confidence level. In
study II, results were analysed with software by cross tabulation and Fisher exact
test.; the confidence level of the test was set at 95% therefore p-values yielding
results ≤ 0.05 were accepted as being significant. In study III, Chi-square statistic
was applied using cross-tabulations to examine the relationship between the
outcome variable (aMMP-8 test result) and explanatory variables. In study IV, TTC
was recoded into two groups - <1 year and >1 year following acceptable standards
for infertility. OHIS was recoded into good (0-1.2), fair (1.3-3.0), and poor (>3.1).
Chi-square statistic, Z statistic, and exploration of the strength of associations
between the oral hygiene and TTC were made using Pearson’s correlation statistics.
32
Variables not normally distributed by Shapiro-Wilk’s test (P < 0.05) were analysed
with a Spearman’s rank order correlation statistic as a non-parametric alternative
after preliminary analysis showed the relationship to be monotonic. For the same
reasons, a Spearman’s rank order correlation test was performed as a non-
parametric alternative to assess the relationship between OHIS and time lapsed
without conception.
Logistic regression was performed to explore the relative contribution of the various
independent variables to the occurrence of the dependent variable (TTC).
Cross-tabulations and Chi-square statistics were used to measure strength of
association between the outcome and explanatory variables. Adjunctive statistical
analysis was performed using t-test (Epi-Info) to evaluate the association between
two continuous variables and ANOVA used to evaluate associations between the
means of three or more dependent variables.
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5. RESULTS
This investigator set out to determine the ability of a novel chairside test which
claimed to detect and even predict the occurrence of occult periodontitis. We were
also interested in assessing the effect of the measurements on selected reproductive
health parameters. Despite the interest in reproductive health parameters, it was
important to first establish the validity of the novel test and how it correlates with
recognized established tests. To ascertain the validity of the aMMP-8 chairside test,
the clinical correlates were studied and the sensitivity was found to be 95% for
periodontitis, 82.6% for bleeding on gentle probing, and 96%, for poor oral hygiene
(Study I). Although the test kit was more sensitive to two sites with PPD/BOP than
single site PPD/BOP (Study I).
5.1 Clinical correlates of the novel aMMP-8 chairside test) kit (I)
When the clinical correlates of the novel lateral-flow immunoassay aMMP-8 rapid
test kit were studied, very strong correlations between the novel kit and established
measures of oral hygiene and chronic periodontitis were found. Having either two
sites with BOP or a periodontal pocket was associated with positive immunoassay
results. The proportions of participants with positive immunoassay results rose from
38% among those with good oral hygiene, to 96% among those with poor oral
hygiene (Table 1, 2).
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Table 1: Oral hygiene and aMMP-8 immunoassay result
Category Immunoassay Immunoassay Total P value
There was a direct relationship between oral hygiene and immunoassay result, with
96% of those with poor oral hygiene being immunoassay positive.
Table 2: Pockets, BOP and aMMP-8 immunoassay results
There was a strong association between immunoassay result and the presence of two
periodontal pockets and two sites with BOP. (BOP = bleeding on Probing).
Negative Positive
Good 8 5 (38.5%) 13
Fair 15 23 (60.5%) 38
Poor 1 24 (96%) 25






≥ 2 pockets 18 1 19
< 2 pockets 34 23 57
Total 52 24 76 0.003
≥ 2 sites with
BOP
19 4 23 0.000
< 2 sites with
BOP
6 15 21
Total 25 19 44
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In summary, in study I utilizing a neutrophil collagenase-2 immunoassay, the novel
aMMP-8 test kit was 96% specific for poor oral hygiene, 95% sensitive for chronic
periodontitis (defined as at least two sites with periodontal pockets), and 82.6%
sensitive for at least two sites with BOP.
In study II, because the validity of the novel chairside test kit was established,
deeper investigation was pursued. The results from study I showed that the novel
chairside test correlated/compared very favourably with established measures of
chronic periodontitis, however, these finding were among adults. For this reason,
the validity of the novel chairside test was assessed among younger
people/adolescents. The results were similar those of the adults in study I, with
sensitivity and specificity of 71.8% and 77.5% respectively. The greater sensitivity
for two sites with PD was similar as described below.
5.2 Sensitivity of aMMP-8 test kit among adolescents (II)
The sensitivity and specificity of the aMMP-8 test kit for BOP among adolescents
were 71.8% and 77.5% respectively. The test kit also showed higher sensitivity for
two sites with PD 63.6% versus 48.3% while the specificity was 100% with hardly
any false-positive results identified.
In study III, having established the validity of the novel test kit, objective 3 was
investigated. This was to determine how the aMMP-8 chairside test results affect
time to conception, specifically for black women. Altogether 87% of the pregnant
women recruited for the study had elevated aMMP-8 levels measured with the
novel aMMP-8 chairside test kit. This finding was independent of demographics,
educational level, and trimester as detailed below.
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5.3 Elevated MMP-8 levels measured with novel aMMP-8 chairside test kit in
87% of pregnant women (III)
Using the novel aMMP-8 chairside test/kit, 117 of the 134 women had elevated
aMMP-8 levels across all age groups, BMIs, and pregnancy trimesters. Levels of
aMMP-8 increased with trimester though the differences were not significant (Table
3).






n % n %
20 to 25 years 2 11.8 15 88.2
26 to 31 years 9 13.8 56 86.2
> 31 years 6 11.5 46 88.5
Total 17 12.7 117 87.3 0.93
1
st
trimester 4 15.4 22 84.6
2
nd
trimester 10 13.2 66 86.8
3
rd
trimester 3 9.4 29 90.6
Total 17 12.7 117 87.3 0.62
In Table 3 above, a-MMP-8 levels were elevated in participants across all age
groups, although the differences were not statistically significant (X2 (2) = 0.154, P
= 0.93). The a-MMP-8 levels were directly proportional to trimester, although
differences did not attain statistical significance (X2(2) = 0.503, P = 0.78).
In study IV, with the widespread elevation of aMMP-8 found in study III, the
effects on time to conception (TTC) were investigated. Established oral hygiene
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and periodontitis were assessed, and the novel chairside test for aMMP-8 was
performed. Poor oral hygiene and calculus was observed to increase time to
conception (TTC). Chronic periodontitis was also detected with the novel aMMP-8
chairside test kit associated with an increased time to conception. Participants with
good oral hygiene had greater odds of conception within 1 year as detailed below.
5.4.1 Greater calculus deposits among women who were trying to get
pregnant (IV)
Non-pregnant fertility clinic attendees had higher calculus deposits than their
pregnant counterparts (P = 0.05).
5.4.2 Oral hygiene status and time to conception (IV)
The odds of conception within 1 year were greater in participants with good oral
hygiene, OR 0.79 (95% CI 0.3210-1.3771) than fair oral hygiene, OR 0.56 (95% CI
0.3210-1.3771), which translated approximately to 44% versus 36%, but the
difference failed to achieve statistical significance (Z statistic = 1.099, P = 0.27). A
weak positive correlation existed between oral hygiene and TTC among pregnant
ANC attendees, albeit insignificant (rs [69] = 0.201, P = 0.09).
5.4.3 Periodontitis assessed with novel aMMP-8 kit test and time to
conception (TTC) (IV)
Using the novel aMMP-8 chairside test, a positive association was found between
elevated aMMP-8 levels and increased TTC. Those women with elevated aMMP-8
levels took longer to conceive. This correlated closely with increased TTC among
women with higher CPI scores. A significant positive correlation was found
between oral hygiene and waiting time without pregnancy (rs [39] =0. 327, P =
0.04). ‘rs = 1= perfect positive and -1 = perfect negative correlation in spearman’s
rank order correlation.’ The oral hygiene of the test and control group did not differ
as shown by a students’ t-test and age-matched Z-statistic which found no
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significant differences in oral hygiene scores between test and control groups (Z
statistic = −0.6124).
5.4.4 Logistic regression to assess the relative strengths of the various
factors (IV)
A logistic regression analysis was performed to assess the relative influence of the
various explanatory variables on time to conception. The results showed that oral
hygiene became irrelevant to TTC (P = 0.47) but the odds of increased TTC were
higher with CPI (OR: 0.482 (95% CI), P = 0.021), periodontitis risk assessed with
the novel aMMP-8 chairside test, (OR: 0.157 (95% CI), P = 0.007), and age (OR:
0.842 (95% CI), P = 0.02)(Study IV).
The combined results demonstrate that chronic periodontitis measured with the
novel aMMP-8 chairside test might affect fertility/reproductive health parameters in
women. It was considered prudent to investigate if these findings were applicable to
men and the results were compared with traditional measures of CP.
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6. DISCUSSION
6.1 Validity of the aMMP-8 chairside test as a measure of chronic
periodontitis.
There has been an increased understanding of the pathogenesis of chronic
periodontitis and the limitations of established measures of the disease. It became
important to develop a novel test which would be both valid and reliable. For this
reason, the aim for performing these studies was to assess the validity of the
aMMP-8 chairside test as a measure of chronic periodontitis. This was achieved
through the measurement of sensitivity and specificity which are recognized
measures of validity. It is interesting to note that the aMMP-8 chairside test was
found to have high validity for the measurement of chronic periodontitis, being 95%
sensitive for chronic periodontitis among adults. It was also 100% specific for
chronic periodontitis among adolescents with hardly any false-positive results
identified. Since bleeding on probing is a notable sign among periodontologists for
assessing active chronic periodontitis, it was important to measure how closely this
novel aMMP-8 chairside test compares with BOP.
6.2 Comparison between the novel aMMP-8 test results and established
measures of chronic periodontitis
Our findings show that the novel aMMP-8 chairside test aMMP-8 test to be have a
high validity with 77.5% specificity and 71.8% sensitivity for BOP among
adolescents, coupled with 82.6% sensitivity for BOP among adult participants. This
was important because most dentists and periodontologists still rely on established
measures of chronic periodontitis, such as bleeding on probing, periodontal pocket
depth, and attachment loss. For this reason, the comparison between the novel
aMMP-8 test results and established measures will be of great interest to
periodontologists and other dentists. The sensitivity of the aMMP-8 test kit was
found to be 95%, 82.6%, and 96% for periodontitis, BOP, and poor oral hygiene
respectively. The sensitivity was true when periodontitis and BOP were regarded as
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two sites with periodontal pockets or bleeding on probing respectively. The
difference in sensitivity for sites with one PPD or BOP was significant, with a
strong association between immunoassay result and the presence of two at least
4mm periodontal pockets and two sites with BOP. The test results of adults and
adolescents also show notable similarity. This shows the repeatability of the study
findings.
6.3 Predictive ability of the rapid aMMP-8 chairside test
The novel aMMP-8 chairside test has great predictive ability because it is capable
of predicting the likelihood of periodontitis among participants (Sorsa et al. 2010).
The risk for periodontitis is detected as a colour change just as active cases with
periodontal pockets also appear as a similar colour change. The difference appears
too close for meaningful clinical patient classification and treatment planning. The
predictive ability of this novel chair-side kit lies in its ability to detect periodontitis
even ahead of obvious clinical signs of periodontal breakdown, such as attachment
loss. The prediction here is not statistical, but clinical. It simply refers to the ability
of the test to detect chronic periodontitis even ahead of obvious clinical tissue
destruction. It is unclear though, how the biomarker is able to detect six apparently
healthy sites but miss some sites with at least one site with periodontal pocket. The
predictive ability of aMMP-8 also applies to treatment outcome. Leppi and co-
workers found that persistently high aMMP-8 levels predict poorer post-treatment
prognosis and strongly predict MMP-8 levels during the maintenance period
(Leppilahti et al, 2014, 2015). Findings from our study support the call for a
paradigm shift to consider periodontitis in terms of inflammatory mediators that
rather immunoassay measures rather than a mere measurement of random
periodontal pockets.
The strong association between the aMMP-8 test and BOP is quite important
because BOP is not exclusive to gingival inflammation. It is a recognized risk
indicator for attachment loss hence an effective tool in the diagnosis and monitoring
of active periodontal inflammation (Claffey & Egelberg, 1995; Leppilahti et al.
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2011). Eliciting BOP in a pocket on consecutive appointments is also a recognized
strong predictor of periodontal disease activity (Biyikoglu et al. 2009). Also,
significantly more inflammation is found in sites that show BOP than when BOP is
absent, thus it is an established sign of periodontal stability (Lang et al. 1990).
Recently, Heikkinen and co-workers reported that that the aMMP-8 chairside test
could detect initial periodontitis among young patients with a predisposing genetic
background (Heikkinen et al. 2016a; Heikkinen et al. 2016b).
6.4 Usefulness of the novel aMMP-8 chairside test in the assessment of
periodontitis in patients with reproductive health issues and applications for
primary health care
Having established the validity of the novel aMMP-8 chairside test, the results were
examined vis-à-vis the other objectives relating to reproductive health. Using the
test, chronic periodontitis was detected, which affects time to conception. Time to
conception is a reproductive health parameter. The high validity of the test showed
in its usefulness in assessing periodontitis in patients with reproductive health
issues.
This is not surprising, however, because just like extracellular matrices anywhere
else in the body, foetal membranes are susceptible to the effect of matrix
metalloproteinases. It is therefore reasonable to expect that any mechanism that
prematurely degrades these membranes would facilitate delivery ahead of the
normal time. This role is played by metalloproteinases hence their implication in the
chain of events leading to preterm birth. (Nien et al. 2006) This role makes it even
more important to use the aMMP-8 chairside test in a primary health care setting for
the detection of women at risk for preterm birth hence the importance of our
studies. The ability to pick early genetic predisposing as reported by Heikkinen
adds value to this test among Africans where aggressive (Heikkinen et al. 2016a;
Heikkinen et al. 2016b) periodontitis is quite common.
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6.5 Implications of study findings for the reproductive health of black women
The studies under discussion were carried out among exclusively black women. The
final pathway in the pathogenesis of preterm birth is through the breakdown of
these delicate membranes and this action performed by matrix metalloproteinases.
There have been early concerns of a possible role of chronic periodontitis in
fertility-related events. From the focal infection theory of 1909, Berger’s focal
allergy theory of 1939, and Slauk’s focal toxicosis theory of the 1940s. Much later
in 1982, Linossier and co-workers isolated sperm immobilizing factor thereby
raising new questions. The association between CP and antibiotic-resistant
bacteriospermia reported by Bieniek and Riedel in 1986 awakened interest in the
link between CP and fertility-pregnancy-related events. The evidence has grown
stronger with the remarkable work by Offenbacher and colleagues linking preterm
birth in 1996. Kavoussi et al. in 2009 also reported links between CP and
endometriosis, while Kligner and colleagues reported links with reduced sperm
motility in 2011. Of interest is the link with delayed conception by Hart in 2012 and
erectile dysfunction by Grant in 2013. The mechanisms are not yet fully understand,
but some of the possible mechanisms have been investigated herein. The study has
stumbled upon a very important finding never previously reported in the literature,
an almost wholesale rise in the values of alpha-metrixmetalloproteinase-8 which is
a direct opposite of what was found by Gursoy and colleagues, who reported that
MMP-8 concentrations were much lower than postpartum concentrations (Gürsoy et
al. 2010). Also, the elevated aMMP-8 levels found in the present study were
independent of age, educational qualification, gestational age, duration of last child
birth, and BMI which had been identified as a major risk factor for preterm birth in
a previous Nigerian study (Mokuolu et al. 2002).
The literature remains equivocal as to why preterm birth remains an essentially
black man’s problem. In order to fully rule out the possible influence of race on the
results of the current study, all participants were of the same race, adult blacks and
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Caucasians. Racial differences in sensitivity to LPS have been documented in the
literature. While Caucasians showed greater sensitivity to LPS, their African-
American counterparts were twice as sensitive to E.coli (Peltier et al. 2012). An
attempt to explain the racial differences through a genetic basis has also been
inconclusive using the mutations in the human gene CARD15 of the NOD1/APAF1
gene family. It has also been suggested though, that TLR4 variant alleles play a
protective role, but no racial difference between the expression of these mutant
genes variant alleles have been found between black Americans and Caucasians
(Ferrand, Fujimoto, et al. 2002). It simply implies therefore that the pathogenesis of
this differential prevalence is either not genetic or that the genetic pathway is yet-to-
be identified. It is also possible that the dilemma lies in the quantitative dynamics of
matrix metalloproteinases with MMP-8 being of interest.
Is it possible that black women are selectively predisposed to preterm birth because
they produce more metalloproteinases than their Caucasian counterparts? If this is
established through quantitative analyses, the genetic angle could then be explored
in an attempt to explain why black women are more predisposed to pre-term birth.
This position enjoys biologic plausibility, since LPS levels correlate with infection.
The greater prevalence of amniotic fluid markers of inflammation further supports
this position (Diaz-Cueto et al. 2006; Guinn et al. 1995). The infections angle is
further supported by reports of elevated matrix metalloproteinases among women
suffering from bacterial vaginosis compared with healthy controls (Diaz-Cueto et
al. 2006). Fiscella declared that ‘significantly higher rates of bacterial vaginosis
among black women may account for nearly 30% of the racial gap in preterm
births’. They cautioned, however, that ‘these findings are limited by the reliability
of published estimates of prevalence and relative risk for these infections’ (Fiscella,
1996). Unfortunately, in a Nigerian study, Adesiji and colleagues found no
association between bacterial vaginosis and preterm birth (Adesiji et al. 2007). The
closest link was the association between preterm birth and malaria (Omole-Ohonsi
& Attah, 2012).
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If the genetic angle and infections are inconclusive, differential levels of expressed
matrix metalloproteinases during pregnancy could alone play a major role in
determining the predisposition of black women to preterm premature rupture of
membranes and subsequent preterm birth. The idea that differential
metalloproteinase expressions during pregnancy hold the key has some support. A
report which cited a polymorphism in the MMP-9 promoter as being associated
with an increased risk of preterm birth among African-Americans provides such
support (Ferrandet al. 2002). Fujimoto and colleagues further corroborate this
position with the report that an increased risk of preterm birth was attributable to a
single nucleotide polymorphism in MMP-1 (Fujimoto et al. 2002).
6.6 Implications of study findings to selected reproductive health parameters
The studies also explored the possible association between chronic periodontitis and
time to conception (TTC). This was assessed using both established measures and
the novel aMMP-8 test. Most of the analyses were considered separately for
pregnant antenatal clinic and non-pregnant fertility clinic attendees. The odds of
conception within 1-year among women with good oral hygiene in this study failed
to attain statistical significance, but warrants further investigation using a larger
sample size. The difficulty encountered in the research is the absence of a basis for
comparison, since the pioneer work failed to consider oral hygiene. The significant
correlation between oral hygiene and increasing waiting time among non-pregnant
fertility clinic attendees in this study also warrants further investigation.
The research presented here shows that fertility clinic attendees had more calculus
than pregnant controls which is surprising, because calculus is believed to be
incapable of inducing inflammation without plaque, though this position is now
controversial. The inability to clearly differentiate effects of calculus versus ‘plaque
on calculus’ reflects the current equivocal nature of the observation (White, 1997).
Interestingly, the assessment of periodontitis in the present study did not depend on
CPI code 3 alone. The study also employed the use of a modern rapid chair-side
MMP-8 immunoassay kit. Although initial analysis detected differences limited to
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the 38-42 years age group, a regression analysis showed that periodontitis was
strongly associated with increased TTC corroborating the replicated study (Klinger
et al. 2011). Is it possible that periodontitis affects TTC, just as TTC is affected by
other inflammatory conditions such as endometriosis, polycystic ovarian syndrome,
and hydrosalpinges? (Barnhart et al. 2002; Hart & Norman, 2006; Johnson et al.
2004). This view appears strengthened by the observation that periodontitis exerts
an ‘endometrial effect’. This effect has been likened to those exerted by
endometriosis, polycystic ovarian syndrome and hydrosalpinges (Barnhart et al.
2002; Hart & Norman, 2006; Johnson et al. 2004; Weiss et al. 2009). This possibly
explains our findings but despite these preliminary findings, the pathogenesis of the
effects of periodontitis on fertility and TTC remains unclear and warrants further
investigation.
Since the report of the isolation of a ‘sperm immobilizing factor’ from E. coli
isolated from necrotic dental pulp (Slauk, 1940), there has been a lull in research
into this unusual association. Kligner and co-workers (Klinger et al. 2011) reopened
research efforts into this unexpected yet possible association. They found an
association between periodontitis and sperm submotility (Klinger et al. 2011).
Being a strong indicator of male fertility, adequate progressive motility is one of the
very important in the fertilization process. TNF-alpha levels rise with chronic
periodontitis and play a mediating role in systemic diseases associated with
periodontitis. The effects of anti-TNF therapy in treatment of sufferers of rheumatic
diseases as well as the beneficial effects on sperm motility have been documented.
(Lachter et al. 2004; Perdichizzi et al. 2007; Ponchietti et al. 2009).
Elevated levels of TNF-alpha levels reflecting the persistent low grade systemic
inflammation probably hold, and may explain the link between chronic periodontitis
and reduced sperm submotility. Nwhator and co-workers (Nwhator et al. 2014)
found no association between chronic periodontitis and sperm submotility. This
may be due to differences in methodology between their work and the work done
by Klinger et al. (2011).
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In our study, we used analysis of sextants to overcome the loss of details occasioned
by recordings limited to the worst score per sextant as used in the literature.
(Nwhator, 2005; Nwhator et al. 2014; Umeizudike et al. 2016) Despite this, we
found no association between chronic periodontitis and subnormal count and
submotility for Codes 0 to 2. However, the analysis of Code 3 sextants was
significant (P < 0.05) corroborating a previous report (Klinger et al. 2011).
For the first time, we demonstrated an association between oral hygiene status and
sperm count. There was a significant association between poor oral hygiene and
oligospermia and azoospermia when considered together as subnormal sperm count
(P < 0.05). The association between poor oral hygiene and low sperm count, while
being difficult to explain, cannot be ignored given that 21 of 25 (84%) of
participants with poor oral hygiene were found to suffer from subnormal sperm
counts.
Based on this finding, two possible hypotheses may be considered for the link
between poor oral hygiene and low sperm count. One possible link is between poor
oral hygiene and chronic periodontitis through elevated TNF-alpha levels. Though
biologically plausible, this fails to explain reduced sperm counts except if TNF can
cause testicular dysfunction. The remote possibility is that TNF-alpha is associated
with varicocele-induced testicular dysfunction with consequent apoptosis and low
sperm count through the TNF-related apoptosis-inducing ligand (Celik et al. 2013).
Rise in TNF alpha levels occasioned by chronic periodontitis could therefore
explain the reduced sperm count through TNF-induced testicular dysfunction.
A more plausible explanation lies in the similarity between oral microflora and
microbial in spermiograms, as demonstrated in a previous report (Bieniek & Riedel,
1993). It is biologically plausible that poor oral hygiene and increased bacterial load
cause bacteriospermia in the subjects. From recent reports, certain oral organisms
like Fusobacterium nucleatum together with aMMP-8 to act as ‘gate openers’ for
other periodontopathic organisms. It is possible that these combine to act as gate
openers for more microorganisms to access the systemic circulation. This they
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effect by disrupting endothelial integrity (Fardini et al. 2011; Sorsa et al. 2010). E.
coli failed to penetrate the endothelium into the systemic circulation in the absence
of F. nucleatum. The documented spermatozoa inhibitory factor expressed by E.
coli would also have no effect without the help of F. nucleatum—both findings
emphasize the important role of F. nucleatum (Paulson & Polakoski, 1977; Prabha
et al. 2010).
Therefore future studies should evaluate TNF-alpha and aMMP-8 levels in subjects
and controls. F. nucleatum and E. coli counts in the mouths of subfertile males
should also be assessed to explore these possible links.
Since all the studies before now were among adults, the tests were repeated among
adolescents and found similar results. A pilot study among adolescents with early
signs of periodontitis was conducted and it was found that the novel aMMP-8
chairside mouthrinse test showed promising results in recognizing oral
inflammatory burden within 5 minutes.
In summary, these findings showed a 96% sensitivity of the novel aMMP-8 test for
poor oral hygiene, 95% sensitivity for chronic periodontitis and 82.6% sensitivity
for BOP, The novel aMMP-8 chairside test therefore proved to be a valid and
reliable instrument for the measurement of chronic periodontitis both among adults
and adolescents, in different ethnic populations. Its sensitivity and specificity
positions it as a promising test for use in the primary health care sector for rapid
assessment of MMP-8 levels in relevant diseases. This is important within and
outside periodontology and dentistry, and would be a useful tool in primary health
care where elevated levels of MMP are considered important.
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7. CONCLUSIONS
1. The sensitivity of the aMMP-8 test kit was 95% for periodontitis, 82.6% for
bleeding on probing, and 96% for poor oral hygiene.
2. The sensitivity values of the aMMP-8 test kit were for two sites with
PPD/BOP; single site PPD/BOP recorded less sensitivity.
3. Among adolescents, the sensitivity of the aMMP-8 test for 2 sites with PPD
≥ 4 mm was 63.6% and specificity 100% and for more than 2 sites the
sensitivity was 76.5 % and specificity 96.7%.
4. Eighty-seven percent (87%) of pregnant subjects had elevated aMMP-8
levels measured with a novel aMMP-8 chairside test kit independent of
demographics, educational level, and trimester.
5. Chronic periodontitis, detected also with a novel aMMP-8 chairside test kit,
was associated with increased time to conception.
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